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OPTICAL SCA'I'I'EROMETER HAVING 
IMPROVED SENSITIVITY AND BANDWIDTH 

BACKGROUND AND SUMMARY OF THE 
INVENTION 

This invention relates generally to optical scatterom 
eters and more speci?cally to an improved optical 
scatterometer exhibiting improved sensitivity and band 
width characteristics. An optical scatterometer can be 
employed in a number of manufacturing environments 
that require knowledge of surface microstructure. Since 
the scatterometer technique is a noncontact diagnostic 
technique, it does not result in damage to the sample 
under investigation. In addition, the noncontact nature 
of the technique makes it more suited for production 
monitoring procedures. For example, for over a decade 
the optical scatterometer has been used to examine 
surfaces of optical components, such as dielectric mir 
rors, metal mirrors, and glass substrates. Similarly, 
?nely machined components can be monitored with an 
optical scatterometer during manufacture. The present 
invention relates to an optical scatterometer useful for 
examining the microstructure of smooth optical compo 
nents, magnetic and optical storage media, and semicon 
ductor microelectronics components during fabrica 
tion. By monitoring the size distribution of microstruc 
ture of semiconductor silicon substrates and the ?lm 
subsequently deposited on the substrates one can obtain 
quantitative information concerning component micro 
structure. This knowledge can then be employed in the 
manufacturing process to improve performance, yield, 
and lifetime of semiconductor products. 

In operation of a scatterometer, the sample under 
examination is illumninated with light of visible or infra 
red wavelengths, and the light which is scattered by the 
sample is analyzed, as shown in the prior art scatterome 
ter arrangement of FIG. 1. In the case of some samples, 
such as optical components, for example, knowledge of 
the scattered light is itself important. In the case of 
other samples, the fact that a surface scatters light might 
not be of direct importance. However, the scattered 
light can be analyzed to suggest characteristics of the 
microstructure of the sample under analysis. In the case 
of surfaces which do not transmit light at the wave 
length of use in the scatterometer, the scattered light is 
indicative of the surface microstructure of the sample. 
Metallic surfaces are an example (e.g. Ag surface exam 
ined with light of wavelength 633 nm.) If the sample 
transmits light at the wavelength of use in the scatte 
rometer, the scattered light is indicative of both surface 
and volume microstructure of the sample. An example 
of this situation is a thin ?lm of Si3N4 on a silicon sub 
strate being examined with light of wavelength 633 nm. 
The use of two light sources in one scatterometer in 
cludes both situations mentioned above, thus extending 
the current capabilities of the scatterometer analysis 
technique. 
As used herein, the term microstructure refers to 

surface microroughness and the way in which the mi 
croroughness is distributed at different spatial frequen 
cies, or differenct sizes, of structure on the surface of 
interest. This is to be distinguished from isolated surface 
defects and contaminants such as dust particles. How 
ever, the scatterometer described herein is useful for 
detecting and quantifying these on a surface as well. 
There are two key requirements of an optical scatte 

rometer. First, the scatterometer must be sufficiently 
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sensitive to detect scatter from surfaces of the minimum 
microroughness of interest. Second, the scatterometer 
must be capable of detecting scatter from microstruc 
ture within the range of spatial frequencies, or sizes, of 
interest. For example, microelectronics processing re 
quirements include minimizing the amount of micro 
structure as short as 0.5 micron (u) lateral dimension (2 
inverse micron (it-1) spatial frequency) on a surface. 
Hence, the scatterometer must be capable of detecting 
scattered light from structure of this size. The relation 
between microstructure size and scatterometer parame 
ters is discussed below. These requirements are dif?cult 
to achieve, expecially when samples to be examined are 
very smooth, and therefore have low scatter. The pres 
ent invention extends the capabilities of existing scatte 
rometers in satisfying both requirements. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram illustrating a single detector 
scatterometer constructed in accordance with the prior 
art. 
FIG. 2 is a plot of typical data collected from a scatte 

rometer examination of two surfaces illustrating power 
spectral density (PSD) of the surface microstructure 
and r.m.s. microroughness of the surface as calculated 
from the PSD data. 
FIG. 3 is a diagrammatic representation of a multide 

tector scatterometer constructed in accordance with 
the prior art. 
FIG. 4 is a diagram illustrating a multidetector scatte 

rometer constructed in accordance with the present 
invention. 
FIG. 5 is a schematic diagram of circuitry employed 

to process the signals received from each photodiode of 
detector array 90 of FIG. 4. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Referring to FIG. 1, there is shown one common 
prior art arrangement currently employed for the opti 
cal scatterometer. The sample 20 under investigation is 
illuminated with a laser 10, and the light scattered by 
the sample is measured using the PMT detector 30 as 
illustrated. The scattered light is measured as a function 
of angle 0,, from the perpendicular to the surface. The 
scatter angle 0, and the spatial frequency, f, of the struc 
ture responsible for the scattered light (i.e. the structure 
actually scattering light) are related by the equation 

where d is the spatial wavelength (lateral dimension) of 
the microstructure, 0,- is the angle of incidence of the 
laser 10, and x is the wavelength of the laser light used 
in microns (it). This relation is applicable for light 
which is back-scattered from the sample (i.e. for 0, less 
than 90 degrees). A modi?ed relationship would apply 
for forward-scatter (i.e. for 0, greater than 90 degrees 
and less than 270 degrees). The most commonly used 
laser is a standard He-Ne type with radiation wave 
length of 633 nm. The detector 30 can be a conventional 
photomultiplier (PMT) or a photodiode. The diameter 
of the laser radiation spot on the sample is typically 2 to 
5 mm. 

It is important to note that the range of the spatial 
frequency over which the scatterometer can measure is 
limited by the geometry of the apparatus and the wave 



4,710,642 
3 

length of laser radiation used. For the arrangement 
illustrated in FIG. 1, the geometry restricts 0S and 0,- to 
minimum values of approximately 1.5 degrees and 1.0 
degrees, respectively. With x=633 nm, the range of f is 
approximately 0.015;.r-1 to 1.5pr1. This means that 
structure of spatial wavelength (lateral dimension) be 
tween approximately 70}; and 0.63p. can be detected 
using the arrangement illustrated in FIG. 1. By using 
laser light of shorter wavelength, structure of shorter 
spatial wavelength can be detected (e. g. for x=325 nm 
from a conventional He-Cd laser, structure with spatial 
wavelength as small as approximately 0325p. can be 
detected). ' 
A disadvantage of the prior art arrangement illus 

trated in FIG. 1 is that scattered light is not measured in 
a very ef?cient manner. The detector is moved in an 
arc, and at each position on the are a measurement is 
made of the scattered light. This can be considered a 
sequential type of measurement; measurements made at 
the various positions on the are are done in sequence, 
one after another. However, at all times the scattered 
light is passing through all positions. Typically, the 
number of measurement points is as large as 90 to 250. 
The time typically required to characterize the scat 
tered light at one point on a sample ranges from minutes 
to more than an hour. 

Referring now to FIG. 2, there is shown a plot illus 
trating the data taken from an examination of two differ 
ent samples. The left vertical scale of the plot is propor 

. tional to scattered intensity and is indicative of the 
., amount of structure in some particular spatial frequency 
range of f to f +df. Thus, the plot represents the power 
spectral density of the microstructure on a surface. The 
same information can be plotted in a different manner 
which might be more suitable for speci?c applications 
(for example, scattered light in parts per million plotted 
versus scatter angle). 

Referring now to FIG. 3, there is shown an improved 
prior art version of the scatterometer that employs a 
photodiode array of detectors 30 to monitor light scat 
tered by a sample. Each diode of the array monitors the 
intensity of light scattered at a specific angle 0;. The 
advantage of this arrangement is that the measurement 
technique is efficient since measurements of scattered 
light at a number of different values of 0, are performed 
simultaneously. This can be considered a parallel mea 
surement scheme as opposed to a sequential arrange 
ment. The arrangement of FIG. 3 is disadvantageous in 
several respects. The beam splitter 40 and the straylight 
lens 50 scatter some of the light passing through them. 
This, in turn, contributes to the overall level of light 
scattered by the entire scatterometer system indepen 
dent of the sample being investigated, and this scattered 
light is detected by the photodiode array. This directly 
determines the-minimum level of scattered light from a 
sample that can be detected. Therefore, the system is 
limited to measuring samples of r.m.s. microroughness 
of 5 nm or larger. This is much greater than the r.m.s. 
microroughness typical of samples encountered in op 
tics and microelectronics fabrication, typically 0.5 nm 
to 2.0 nm r.m.s. microroughness. The straylight lens 50 
also limits the range of microroughness spatial fre 
quency, or lateral dimension, which can be examined. 
This is due to the straylight lens 50 being capable of 
collecting scattered light at angles 0, of approximately 
30 degrees or smaller. It is not feasible to have a lens 
with f-number smaller than 1. Because of this limitation, 
the lens diameter is smaller than the focal length of the 
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lens. From FIG. 3, it can be seen that this requires the 
straylight angle 65 to be less than approximately 30 
degrees. From the equation set forth above, with 0,~=0, 
this limits f to ix or smaller. The wavelength x of the 
typical light source for the arrangement represented in 
FIG. 3 is 820 nm. Thus, the system is limited to examin 
ing microst'ructure of spatial frequency approximately 
0.6;4-1 or less, or lateral dimension 1.6p. or larger. The 
wavelength used thus also limits the high spatial fre 
quency (short lateral dimension measurement) capabil 
ity of the system. Further, the prior art apparatus of 
FIG. 3 is useful only for examination of back-scattered 
light. There is no capability of examining light which is 
forward-scattered in a direction on the side of the sam 
ple opposite to that of the incident light. This would be 
useful when examining optical components, for exam 
ple, which are transmitting light at the wavelength of 
examination. Lastly, the light source of the apparatus of 
FIG. 3 is a light emitting diode (LED) 10 with emission 
at 820 nm. In addition, the beam quality from a light 
emitting diode is not the high quality that is available 
from a laser. Speci?cally, this causes difficulty in distin 
guishing between the specularly re?ected beam and 
light which is scattered at small scatter angle 0,. Be 
cause of this, the lower limit of 0, must be larger than it 
would be if a laser were employed. This is especially 
important when considering that most samples back 
scatter light in the near-specular direction (small 05) as 
illustrated in FIG. 2. This represents a loss of informa 
tion as well as a loss in scatterometer sensitivity. In 
addition, the scatterometer sensitivity suffers because of 
the long wavelength used due to the general depen 
dence of total integrated scatter on wavelength. Total 
integrated scatter varies as (l/x)", where n is between 2 
and 4. 

Referring now to FIG. 4, there is shown an optical 
scatterometer apparatus constructed in accordance 
with the present invention. The three arrays of detec 
tors 80, 90, and 100 are employed for the following 
purposes. Array 80 is employed for detection of the 
incident laser beam without the sample in place. This 
would characterize the angular radiation characteristics 
of the incident beam and thus allow the quality of the 
optical system(i.e. the lens, spatial ?lter and possibly 
any other components in the incident beam) to be deter 
mined. In particular, an equivalent scatter characteristic 
of the optical system can be determined using this array. 
Array 90 is employed for detection of scattered light 
from the sample under test. Array 90 may extend from 
positions near the specularly re?ected beam and in the 
plane of the incident and specularly re?ected beams in 
an arc with center located on the sample, coincident 
with the incident laser radiation spot. This are is the 
same arc as that of the detector 30 illustrated in FIG. 1. 
The array of detectors may extend for nearly 180 de 
grees or nearly 360 degrees of this arc. An additional 
array might be positioned in an are located in a plane 
perpendicular to the plane of incidence and could be 
considered a portion of array 90. Array 100 is employed 
to monitor the specularly reflected beam. This would be 
used to determine proper alignment of the sample 20 to 
insure the sample is oriented with its normal in the 
proper direction. In addition, the readings from array 80 
and array 100 may be used to determine a value for the 
sample re?ectance. For example, taking the ratio of the 
detector readings would be one method of de?ning the 
sample re?ectance. 
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The lens 55 of FIG. 4 is of suf?ciently long focal 
length (approximately 50 cm) to allow use of multiple 
apertures 60 as illustrated. These apertures block stray 
light that could originate from the lens 55. There are no 
other elements to contribute to the scattered light level 
of the scatterometer system. This arrangement has been 
employed successfully to examine samples having less 
than 0.2 nm r.m.s. of microroughness. It should be noted 
that the focal length of lens 55 is such that the specu 
larly re?ected and transmitted (in the case of transmit 
ting samples) laser beams are focussed at points located 
on the arc of array 90. However, these points do not lie 
on elements of array 90, and hence the specularly re 
?ected and transmitted laser beams are incident on 
array 100 and array 80, respectively. 

All three of the detector arrays 80, 90, and 100 may 
be either one-dimensional or two-dimensional arrays. 
Most practically, arrays 80 and 100 are two-dimensional 
and array 90 is onedimensional. 
Each detector array element is interfaced to elec 

tronic processing circuitry. This can take the form of a 
conventional integrating circuit using standard opera 
tional ampli?ers 1 and 2 shown in the circuit diagram of 
FIG. 5, for example. The silicon photodiode 35 in this 
case is connected in a photovoltaic detection arrange 
ment as shown in FIG. 5. Signals from each electronic 
circuit would be monitored by a microprocessor 70 
illustrated in FIG. 4. Microprocessor 70 may comprise 
*for example a Hewlett-Packard Model 9816, an IBM 
PC, or one of a number of commercially available, less 
complex microprocessors. This microprocessor system 
would, for example, monitor the time required for each 
circuit output voltage V0 to reach a speci?ed predeter 
mined value. This time would be inversely proportional 
to the intensity of scattered light incident on the various 
detector elements. 
The detector array elements may comprise one of 

several detector types, such as silicon photodiodes, 
charge coupled devices (CCD), or pyroelectric devices. 
However, silicon photodiodes are most practical be 
cause of their large linear response range, low price, 
range of physical sizes easily available, and simple oper 
ation. The radius of the are associated with array 90 is 
typically in the range of 5 to 50 cm. Given this arc 
dimension, a detector element size range of approxi 
mately 0.01 inches to as large as 0.50 inches is most 
practical. Note that this is not limiting size range, but 
only a practical example. Detector element shape may 
be circular, square or rectangular. Note that ?ner reso 
lution in 0; is required for making measurements of 
small 0; (near the specular direction) as well as for 0, 
near 180 degrees (near the directly transmitted beam) 
than is required for 0, at intermediate values of 0, be 
tween 20 degrees and 160 degrees, for example. Thus, 
array 90 could be arranged with small detector elements 
at the positions corresponding to small 0, and 0, near 
180 degrees, and with detector elements increasing in 
size as 0, approaches 90 degrees. This increasing ele 
ment size is consistent with the need to detect smaller 
amounts of scattered light as 0, approaches 90 degrees. 
This is consistent with data illustrated in FIG. 2, where 
it can be seen that scattered light (proportional to the 
PSD) decreases by nearly a factor of 10,000 for values 

' of 0S ranging from 1.5 degrees to 90 degrees. 
The measurement technique is efficient in that mea 

surements of scattered light at all the different values of 
0S (i.e. at each detector element of array 90) are per 
formed simultaneously. This can be considered a paral 

15 

20 

25 

40 

50 

60 

65 

6 
lel type of measurement. As such, the measurement time 
required to characterize a sample can be greatly re 
duced compared to the prior art arrangement illustrated 
in FIG. 1. _ 

The detection arrangement of the present invention 
described in detail above and illustrated in FIG. 4 has 
certain distinct advantages over the prior art arrange 
ments of FIGS. 1 and 3. First, the orientation of the 
detector array 90 of FIG. 4 eliminates the need for the 
beam splitter 4 and straylight lens 5 of the system illus 
trated in FIG. 3. Thus, the scatterometer system illus 
trated in FIG. 4 has an inherently lower level of system 
scattered light (i.e. light which is scattered and de 
tected, independently of the sample being investigated). 
This allows for examination of smoother samples which 
have lower levels of scatter. Samples of r.m.s. rough 
ness less than 0.2 nm have been examined with the sys 
tem illustrated in FIG. 4. Second, the arrangement of 
array 90 of FIG. 4, without the requirement that scat 
tered light which is to be detected pass through the 
straylight lens 5 of FIG. 3, also provides for measure 
ments over a wider range of microroughness spatial 
frequency or lateral dimension. This is because 0, can 
extend to 90 degrees and larger instead of the 30 degrees 
or less for the prior art system illustrated in FIG. 3. This 
directly in?uences the range of spatial frequency which 
can be characterized by the equation set forth above. 
Third, the arrangement of array 90 of FIG. 4 provides 
for examination of re?ecting as well as transmitting 
samples, thereby permitting examination of back-scatter 
and forward-scatter. This is important, for example, in 
examining glass optics. Fourth, the arrangement of 
array 90 of FIG. 4 can be used to characterize the light 
scattered from a sample in two orthogonal planes. This 
is useful to characterize the nonisotropic nature of the 
optical scatter, and thus the nonisotropic nature of the 
microstructure, such as would be found, for example, in 
diamond turned metal samples. In this case, an addi 
tional set of elements would be added to array 90, lo 
cated in a plane perpendicular to the plane of incidence. 
Fifth, the light source in the system of FIG. 4 is a laser 
10, which provides better beam quality than the LED of 
the prior art. Thus, scatter may be examined for smaller 
values of 0; than is possible with the prior art systems. In 
addition, shorter wavelength light can be employed. 
This allows for higher ranges of microstructure spatial 
frequency to be examined and also increases the sensi 
tivity of the scatterometer system. Further, two lasers 
may be conveniently employed to provide two wave 
lengths to examine a sample, one transmitted and one 
absorbed by the sample, as discussed above. Sixth, 
alignment of the optical system, including the sample, 
lens, spatial ?lter, and incident laser beam, can be easily 
automated using two dimensional arrays for array 80 
and array 100. For example, the sample could be 
mounted in a holder that has angular (tip and tilt) ad 
justment provided by motor-driven screws such as 
motor driven micrometers. Once the sample is posi 
tioned in the holder, the signals from array 100 may be 
monitored to determine the location and direction of 
the specularly re?ected beam. This is directly related to 
the angular orientation of the optical sample. Thus, by 
monitoring the signals from the two-dimensional array 
100, the microprocessor system used to control the 
entire system can be used to actuate the motor-driven 
screws of the optical mount, thus providing automated 
angular adjustment of the sample under investigation. 
Sample re?ectance may be calculated by using the sig 



4,710,642 
7 

nals from array 100 and array 80, as described above. 
Lastly, since there are no moving parts in the detector 
system, mechanical construction is greatly simpli?ed. 
All three detector arrays remain ?xed, once aligned. 

I claim: 
1. An optical scatterometer comprising: 
a material having optical and microstructure charac 

teristics to be analyzed; 
laser means for transmitting an incident laser beam to 

irradiate a spot on the material; 
a ?rst array of optical detectors positioned to detect 

the incident laser beam in the absence of said mate 
rial for characterizing the optical characteristics of 
the incident laser beam; 

a second array of optical detectors positioned in a 
plane containing the incident laser beam and fur 
ther positioned in a circular arc whose center coin 
cides with the spot on the material irradiated by the 
incident laser beam, said second array of optical 
detectors being operative for detecting indications 
of both back-scattered and forward-scattered light 
resulting from irradiation of said spot on said mate 
rial; 

a third array of optical detectors positioned to detect 
a specularly re?ected beam of light from said mate 
rial; and 

microprocessor means coupled to the ?rst, second, 
and third arrays of optical detectors for processing 
electrical signals received therefrom to provide an 
indication to the user of the optical characteristics 
of the incident laser beam and of the optical and 
microstructure characteristics of said material. 

2. An optical scatterometer system as in claim 1 
wherein: 

a selected one or more of the optical detectors com 
prising said second array of optical detectors are 
positioned in a plane perpendicular to a plane con 
taining said incident laser beam and said specularly 
re?ected beam to detect indications of back-scat 
tered and forward-scattered light in said plane 
perpendicular to said plane containing said incident 
laser beam and said specularly re?ected beam. 

3. An optical scatterometer system as in claim 1 
wherein: 

said laser means comprises ?rst laser means for trans 
mitting a ?rst incident laser beam having a ?rst 
wavelength selected such that said ?rst incident 
laser beam is substantially absorbed by said mate 
rial; and 

said optical scatterometer system further comprises 
second laser means for transmitting a second inci 
dent laser beam having a second wavelength differ 
ent from said ?rst wavelength, said second wave 
length being selected such that said second incident 
laser beam is transmitted by said material. 

4. An optical scatterometer system comprising: 
a material sample having a ?lm on a substrate, the 

optical and microstructure characteristics of which 
are to be analyzed; 

?rst laser means for transmitting a ?rst incident laser 
beam to irradiate a spot on the film of said material 
sample, said ?rst incident laser beam having a ?rst 
wavelength selected such that said ?rst incident 
laser beam is not transmitted by the ?lm of said 
material sample; 

second laser means for transmitting a second incident 
laser beam to irradiate a spot on the substrate of 
said material sample, said second incident laser 
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8 
beam having a second wavelength selected such 
that said second incident laser beam is transmitted 
by the ?lm of said material sample; 

a ?rst array of optical detectors positioned to detect 
said ?rst and second incident laser beams in the 
absence of said material sample for characterizing 
the optical characteristics of said ?rst and second 
incident laser beams; 

a second array of optical detectors positioned in a 
plane containing said ?rst and second incident laser 
beams and further positioned in a circular arc 
whose center coincides with said spot on the ?lm 
of said material sample, said second array of optical 
detectors being operative for detecting indications 
of back-scattered and forward-scattered light re 
sulting from irradiation of said spot on said ?lm of 
said material sample and said spot on said substrate 
of said material sample; 

a third array of optical detectors positioned to detect 
a specularly re?ected beam of light from said mate 
rial sample; and 

microprocessor means coupled to the ?rst, second, 
and third arrays of optical detectors for processing 
electrical signals received therefrom to provide an 
indication to the user of the optical characteristics 
of said ?rst and second incident laser beams and of 
the optical and microstructure characteristics of 
said ?lm and substrate of said material sample. 

5. An optical scatterometer system comprising: 
a material having optical and microstructure charac 

teristics to be analyzed; 
?rst laser means for transmitting a ?rst incident laser 
beam to irradiate a spot on said material, said ?rst 
incident laser beam having a ?rst wavelength se 
lected such that said ?rst incident laser beam is 
substantially absorbed by said material; 

second laser means for transmitting a second incident 
laser beam to irradiate said spot on said material, 
said second incident laser beam having a second 
wavelength selected such that said second incident 
laser beam is transmitted by said material; 

one or more optical detectors positioned to detect 
indications of both back-scattered and forward 
scattered light resulting from irradiation of said 
spot on said material; and 

microprocessor means coupled to said one or more 
optical detectors for processing electrical signals 
received therefrom to provide an indication to the 
user of the optical characteristics of said ?rst and 
second incident laser beams and of the optical and 
microstructure characteristics of said material. 

6. An optical scatterometer system as in claim 5 
wherein said one or more optical detectors are posi 
tioned in a plane containing said ?rst and second inci 
dent beams and are further positioned in a circular arc 
whose center coincides with said spot on said material. 

7. An optical scatterometer system as in claim 5 
wherein: 

said one or more optical detectors are positioned in a 
plane perpendicular to a plane containing said ?rst 
and second incident laser beams to detect indica 
tions of back-scattered and forward-scattered light 
in said plane perpendicular to said plane containing 
said ?rst and second incident laser beams. 

8. An optical scatterometer system comprising: 
a material sample having a ?lm on a substrate, the 

optical and microstructure characteristics of which 
are to be analyzed; 
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?rst laser means for transmitting a ?rst incident laser 
beam to irradiate a spot on the ?lm of said material 
sample, said ?rst incident laser beam having a ?rst 
wavelength selected such that said ?rst incident 
laser beam is not transmitted by the ?lm of said 
material sample; 

second laser means for transmitting a second incident 
laser beam to irradiate a spot on the substrate of 
said material sample, said second incident laser 
beam having a second wavelength selected such 
that said second incident laser beam is transmitted 
by the ?lm of said material sample; 

one or more optical detectors positioned to detect 
indications of back-scattered and foward-scattered 
light resulting from irradiation of said spots on said 
film and substrate of said material sample; and 

microprocessor means coupled to said one or more 
optical detectors for processing electrical signals 
received therefrom to provide an indication to the 
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10 
user of the optical characteristics of said ?rst and 
second incident laser beams and of the optical and 
microstructure characteristics of said ?lm and sub 
strate of said material sample. 

9. An optical scatterometer system as in claim 8 
wherein said one or more optical detectors are posi 
tioned in a plane containing said ?rst and second inci 
dent laser beams and further positioned in a circular arc 
whose center coincides with said spot on said ?lm of 
said material sample. 

10. An optical scatterometer system as in claim 8 
wherein: 

said one or mroe optical detectors are positioned in a 
plane perpendicular to a plane containing said ?rst 
and second incident laser beams to detect indica 
tions of back-scattered and forward-scattered light 
in said plane perpendicular to said plane containing 
said ?rst and second incident laser beams. 
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